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PISTON/CYLINDER UNIT 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention relates to a piston/cylinder unit having a closed cylinder, a 
piston guided in an axially displaceable manner in the cylinder and sealed with respect 
to the cylinder by an annular seal which radially surrounds the piston, the piston dividing 
the cylinder interior Into first and a second working spaces which are filled with a fluid, a 
piston rod connected to the piston and extending through the cylinder interior, an end 
side of the piston rod being sealingly guided to the outside of the cylinder through at 
least one closing wall of the cylinder, a first nonreturn valve with a closing element 
force-loaded in the closing direction and which can be opened connecting the first 
working space to the second working space under a high pressure in the first working 
space, and a second nonreturn valve having a closing element force-loaded in the 
closing direction and which can be opened connecting the second working space to the 
first working space under a high pressure in the second working space. 

2. Description of the Related Art 

[0002] Piston/cylinder units of the type described above are used, for example, 
as infinitely variable door an-esters for motor vehicle doors. When used in this 
application, the two nonreturn valves are closed when the door is not being moved such 
that the door is held in the position which it has assumed at that particular instance. If 
the door is actuated manually to move it out of this position, a pressure is built up in one 
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of the working chambers, the high pressure causing a non-return valve associated with 
that working chamber to open. Once the valve opens, fluid is allowed to flow out of the 
working chamber with high pressure into the other working chamber. 
[0003] To open the valve, a pressure which overcomes the force loading of the 
closing element in the closing direction has to be built up in the working chamber. If the 
force of the manual actuation of the door is reduced below a certain extent before the 
door has been moved to its desired position, the pressure in the working chamber is 
reduced such that the nonreturn valve also closes and the movement of the door is 
blocked by the piston/cylinder unit even if a further movement of the door is still desired. 
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SUMMARY OF THE INVENTION 

[0004] It is therefore the object of the present invention to provide a 
piston/cylinder unit with at least one nonreturn valves which requires a smaller holding- 
open pressure for holding open the nonretum valve than the opening pressure for 
opening the nonreturn valve. 

[0005] According to the present invention, the object is achieved by a 
piston/cylinder unit having a nonretum valve in which a surface of the closing element of 
the nonretum valve that can be acted upon effectively by the pressure of the working 
space is enlarged during the opening stroke of said nonretum valve. 
[0006] Since the effective surface of the closing element becomes larger after the 
nonretum valve has been opened, the nonretum valve can be held in the open position 
by a pressure in the working space that is smaller than the opening pressure required to 
open the nonretum valve. When the piston/cylinder unit accotxiing to the present 
invention is used in an infinitely variable door arrester, the door which is not being 
moved manually is held stably in its assumed position and maintains the position in the 
event of. for example, an unintentional, slight application of force. If the door is 
consciously moved with a certain effort, i.e.. an effort that creates a pressure in the 
working space that is greater than the opening pressure, then a corresponding high 
build-up of pressure in the working space also takes place and the nonretum valve is 
opened. After that valve is opened, only a reduced effort is then still required for a 
further opening movement. 
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[0007] According to one embodiment of the present invention which is of simple 
constmction. the closing element is a stepped piston displaceably arranged in a 
corresponding stepped hole, wherein the steps of of the piston have end-side surfaces 
which are acted upon effectively by the pressure of the working space. Starting in the 
closed position, only the smallest step is pressurized. As the stepped piston moves 
increasingly further along the opening stroke, further steps of the stepped piston are 
increasingly pressurized. 

[0008] If at least the smallest surface of the nonreturn valve that can be acted 
upon by the pressure of the working space is a closing element of a seat valve, then the 
nonretum valve may be rapidly opened when the opening pressure in the working 
space is reached. Upon opening the seat valve, the pressure required to keep the valve 
open is therefore also immediately reduced. Thus, after a movement has been initiated, 
a door can immediately continue to be moved with a smaller force. 
[0009] The end side of the smallest step of the stepped piston may form the 
closing element which can be placed onto the mouth of the smallest step of the stepped 
hole. In this embodiment, the mouth fonns a valve seat of the nonreturn valve and the 
smallest step leading to the working space. 

[0010] The closing element may have a conical closing surface which can be 
placed onto the valve seat. In this embodiment, a higher degree of sealing is achieved 
in the closed state of the nonretum valve if the manufacturing tolerances are relatively 
small. The degree of sealing is increased further if the closing element has a closing 
surface made of an elastomer. 
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[001 1] One or more steps of the stepped hole may have a connection to the next- 
larger step. The corresponding connection to the next-higher step of the stepped hole 
may be opened when a certain opening stroke is reached in each case. In this 
embodiment, the reduction in the required holding-open pressure takes place stepwise 
and not suddenly. 

[0012] A simple constnjction with few components is achieved by one or more of 
the steps of the stepped piston forming a slide of a slide valve, by means of which the 
corresponding connection leading radially into the stepped hole can be closed. 
[0013] One or more of the steps of the stepped piston may have a radially 
encircling annular groove on their cylindrical circumferential surface in which a sealing 
ring is inserted to obtain a good seal altematively and/or in addition to maintaining small 
tolerances. The radially encircling outer region of the sealing ring bearing in a sealing 
manner against the inner wall of the corresponding step of the stepped hole. 
[0014] A radial connection may lead from the largest step of the stepped hole into 
an annular cylinder space which is fomied between the inner wall of the cylinder and the 
radially encircling circumferential surface of the piston. The annular cylinder space is 
sealed by annular seals with respect to the working spaces, the pressure of which can 
be used to act upon the stepped piston in the opening direction. The radial connection 
may be closed by the largest step of the stepped piston and opened in the largest 
opening-stroke position of said stepped piston. The fluid can flow from the cylinder 
space to the other working space. I.e., the working space that is not pressurized. 
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[0015] For simple force-loading in the closing direction, the closing element may 
be loaded in the closing direction by a compression spring, in particular a helical 
compression spring or a disc spring, which is supported on the piston. 
[001 6] To damp movement of the stepped piston, the largest step of the stepped 
hole may form a damping chamber on the side of the stepped piston which faces away 
from the working chamber. The damping chamber may be connected to the cylinder 
interior by a damping opening. In this case, the damping opening defines the opening 
time of the nonreturn valve. 

[0017] The damping chamber may be constructed so that the damping chamber 
is connected to the cylinder space by a valve when the stepped piston is moved in the 
closing direction. This configuration allows fluid to flow rapidly from the cylinder space 
to the damping chamber during a closing movement making it possible for the closing 
time of the nonreturn valve to be short. 

[0018] This valve may be made of particularly simple construction if it has a 
sealing ring an-anged in an annular groove which is fomied on the cylindrical 
circumferential surface of the largest step of the stepped piston and the side of the 
sealing ring which faces away from the damping chamber to be connected to the 
cylinder space and for the flow to pass over or under the sealing ring from the cylinder 
space to the damping chamber. 

[0019] A special installation space for the compression spring is not required if 
the compression spring is arranged in the damping chamber, thus enabling the piston/ 
cylinder unit to have a small overall length. 
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[0020] To ensure that the fluid flows out of the largest step of the stepped hole 
even in the last closing-stroke region during the closing movement of the stepped 
piston, the largest stepped hole can be connected to the cylinder space by a 
constricting opening. This connection may be an-anged on that side of the 
corresponding step of the stepped piston which faces the working chamber. 
[0021] The annular seal which surrounds the piston and provides a seal with 
respect to the cylinder may be an^anged in an annular groove which is fomied on the 
cylindrical circumferential surface of the piston. 

[0022] The annular seal may have a sealing lip which radially encircles the piston 
and has a free end directed approximately towards the working space which bears 
resiliently against the inner wall of the cylinder. In this embodiment, a flow of fluid from 
the working space into the cylinder space, which is situated on the other side of the 
annular seal, is reliably blocked. However, the seal allows the fluid to flow without any 
problem from the cylinder space to the working space. 

[0023] At least one step of the stepped hole may be fonned by the passage hole 
of a pipe which is directed towards the damping chamber. A relatively small step of the 
stepped piston may be displaceably arranged in the passage hole. A collar-like region 
of the stepped piston may engage around the pipe. The collar-like region may radially 
sun-ound the next-larger step of the stepped piston. This results in an arrangement of 
the stepped piston and stepped hole in which they are nested one in the other, and 
therefore in a short overall length. 
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[0024] The end region of the pipe which faces the damping chamber may be 
designed with radially continuous slots which form the radial connection between two 
steps of the stepped hole. The slots form, in a simple manner, a radial connection of 
large cross section between two steps of the stepped hole which enables a rapid flow of 
fluid and therefore a rapid movement of the stepped piston. 

[0025] A simple refinement which incoporates a large number of elements in one 
component, and therefore also a reduces the outlay on production and installation, is 
achieved by a stepped piston made of an elastomeric material and fomried integrally 
with the closing surface of the closing element and/or with radially encircling sealing lips 
on one or more steps of the stepped piston. 

[0026] A short overall length and compact construction of the piston/cylinder unit 
is achieved providing the piston with a one-sided piston rod and having a piston-volume 
control chamber for receiving the amount displaced from the working space remote from 
the piston rod, which amount is larger than the amount displaced from the working 
space on the piston-rod side. The construction of the piston may be of a particularly 
compact design if the volume control chamber is arranged between the first and the 
second nonreturn valve in the piston and is connected to the cylinder space between 
the first and the second nonreturn valve via an inlet opening. 

[0027] To avoid a sudden drop in pressure in the working space during opening 
of the nonretum valve, and annoying noises caused as a result, the valve passage in a 
first part of the opening stroke of the closing element of the nonretum valve may 
comprise a constricting passage. The constricting passage may be an-anged upstream 
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and/or downstream of the valve seat of the seat valve In the direction of flow from the 
first working space to the second working space and/or from the second working space 
to the first working space. 

[0028] In one simply constructed embodiment Including the constricting passage 
upstream of the valve seat, the stepped piston has an approximately cylindrical 
extension which is directed from the closing element to the working space and 
protrudes through the smallest step of the stepped hole. An annular gap between the 
encircling circumferential surface of the extension and the inner wall of the smallest step 
of the stepped hole forms the constricting passage. 

[0029] In another embodiment in which a constricting passage Is an-anged 
downstream of the valve seat, the step of the stepped piston which is situated 
downstream of the valve seat of the seat valve in the direction of flow from the first 
working space to the second working space and/or from the second working space to 
the first working space has an extension which is of approximately cylindrical design. 
The step of the stepped piston is guided In the opening direction of the nonreturn valve 
by a coaxial, annular collar protruding into the second step of the stepped hole. An 
annular gap between the encircling circumferential surface of the extension and the 
Inner wall of the annular collar fonns the constricting passage. 

[0030] Other objects and features of the present invention will become apparent 
from the following detailed description considered in conjunction with the accompanying 
drawings. It is to be understood, however, that the drawings are designed solely for 
purposes of illustration and not as a definition of the limits of the Invention, for which 
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reference should be made to the appended claims. It should be further understood that 
the drawings are not necessarily drawn to scale and that, unless othenvise indicated, 
they are merely intended to conceptually illustrate the stmctures and procedures 
described herein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] In the drawings, wherein like references denote similar elements 
throughout the several views: 

Fig. 1 is a longitudinal sectional view of a piston region of a piston/cylinder 
unit according to the present invention; 

Fig. 2 is an enlarged longitudinal sectional view of the the piston of the 
piston/cylinder unit according to Fig, 1 in the region of a nonreturn valve; 

Fig. 3 is a longitudinal sectional view of a first embodiment of a stepped 
piston of the nonretum valve according to Fig. 2; 

Fig. 4 is a longitudinal sectional view of a further embodiment of a stepped 
piston for the nonretum valve according to Fig. 2; 

Fig. 5 is a partial sectional view of an embodiment of the connection of 
parts of the piston of the piston/cylinder unit according to Fig. 1 ; 

Fig. 6 is a partial sectional view of a further embodiment of the connection 
of parts of the piston of the piston/cylinder unit according to Fig. 1 ; and 

Fig. 7 is an enlarged partial sectional view of yet antoher embodiment of a 

piston of the piston/cylinder unit according to Fig. 1 in the region of a nonreturn valve. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

[0032] The piston/cylinder unit shown in Fig. 1 is a door anrester for motor 
vehicles which acts in an infinitely variable manner. The piston/cylinder unit Includes a 
cylinder 1 which is closed at its ends and a piston 2 displaceably guided therein. The 
piston 2 divides the interior of the cylinder 1 into a first working space 3 on the piston- 
rod side and a second working space 4 remote from the piston rod. Both working 
spaces 3 and 4 are filled with oil. 

[0033] A piston rod 5 is arranged on one side of the piston 2. The piston rod 5 
extends through the first working space 3 and is guided to the outside of the cylinder 1 
in a sealed manner by a seal (not illustrated) and by an end-side closing wall (likewise 
not illustrated) of the cylinder 1 . 

[0034] The piston 2 comprises a central volume control element 6, a first valve 
element 7 which adjoins the central volume control element 6 towards the first working 
space 3, and a second valve element 8 which adjoins the central volume control 
element 6 towards the second working space 4. 

[0035] The volume control element 6, the first valve element 7 and the second 
valve element 8 are fixedly connected to one another, the first valve element 7 also 
having the piston rod 5 fastened to It. The first and second valve elements 7 and 8, 
which are of approximately cup-like design, each have a base 9 which faces the 
respective working space 3, 4. 

[0036] Refening now also to Figs. 2-3, the smallest step 10 of a stepped hole 1 1 
is fomned coaxially in the valve elements 7 and 8. extends through the base 9 and leads 
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into the working space 3 or 4. In the first valve element 7. three connecting holes 12 
which intersect the smallest step 10 at right angles are formed in the valve element 7 to 
provide a connection to the working space 3. In of the valve element 8, the smallest 
step 10 of the stepped hole 11 leads directly into the working space 4. Since the 
construction of the valve elements 7 and 8 is othenwise identical, only the second valve 
element 8 is described below. However, the description also applies to first valve 
element 7. 

[0037] Following the smallest step 10 of the stepped hole 1 1 , a second step 13 of 
the stepped hole 11 is formed in the base 9. The second step 13 is elongated in a 
direction away from the worthing space 4 on the base 9 by the formation of a pipe 14, 
which protrudes coaxially into the cup opening of the valve element 8. The end region 
of the pipe 14 which faces away from the working space 4 includes radially confinuous 
slots 15. The cup opening of the valve element 8 itself forms a largest step 16 of the 
stepped hole 1 1 . 

[0038] Valve element 8 includes a stepped piston 18 having a largest step 17 
displaceably arranged in the largest step 16 of the stepped hole 11 and a smaller step 
19 displaceable in the second step 13 of the stepped hole 11. The end of the smaller 
step 19 of the stepped piston 18 which is directed toward the smallest step 10 of the 
stepped hole 1 1 is designed as a closing element 20 of a nonreturn valve 26 having a 
conical closing surface 21 which can be placed onto a valve seat 22 formed by the 
opening of the smallest step 10 into the second step 13 of the stepped hole 11. The 
closing element 20 is a separate component made of an elastomeric material. A 
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coaxially protruding stem 23 is arranged on a side of the closing element 20 facing 
away from the closing surface 21, with which the closing element 20 is fixedly inserted 
into a corresponding blind hole 24 in the stepped piston 18. 

[0039] In the stepped hole 11, the second step 13 is blocked off from the largest 
step 16 by a sealing ring 25 which surrounds the stem 23 on a region of the stem 23 
which protrudes out of the blind hole 24. A radially encircling, outer annular surface of 
the sealing ring bears against the cylindrical inner wall of the second step 13 of the 
stepped hole 11. The blocking of the second step 13 from the largest step 16 exists in 
the first part of an opening stroke of the nonreturn valve 26 until the sealing ring 25 has 
reached the axial extent of the radial slots 15. Once this position is reached, the radial 
slots 15 connect the second step 13 and the largest step 16 of the stepped hole 1 1 and 
therefore also connect the second working space 4 to the largest step 16 of the stepped 
hole 11. 

[0040] The opening movement of the stepped piston 18 takes place counter to 
the force of a prestressed helical compression spring 27, which acts upon the stepped 
piston 18 in the closing direction. When a con^esponding pressure has built up in the 
working space 4, the pressure first acts upon the closing surface 21 of the closing 
element 20. After the closing element 20 has been raised from the valve seat 22, the 
pressure acts upon the entire end surface of the smaller step 19 of the stepped piston 
18. 
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[0041] After the sealing ring 25 has travelled over the slots 15, the surface of the 
largest step 17 of the stepped piston 18 is then also acted upon by the pressure in the 

second working space 4. 

[0042] This successive switching on of the pressurization of the steps of the 
stepped piston 18 allows the nonreturn valve 26 to be held open after the closing 
element 20 has been lifted off the valve seat 22, even when the pressure in the working 
space 4 is reduced below the initial opening pressure. 

[0043] A constricting opening 28 leads from the base region of the largest step 16 
of the stepped hole 1 1 into an annular cylinder space 29, which is formed between the 
radially encircling circumferential surface of the piston 2 and the inner wall of the 
cylinder 1. Respective annular seals 30 which surround the first and the second valve 
elements 7 and 8 provide a seal for the piston 2 with respect to the inner wall of the 
cylinder 1. These annular seals 30 have a radially encircling sealing lip 31 which is 
respectively directed with its free end approximately towards the working space 3 and 4 
adjacent to its valve element 7 and 8 and bears resiliency against the inner wall 32 of 
the cylinder 1 . 

[0044] The largest step 17 of the stepped piston 18 has, on its radially encircling 
circumferential surface, two annular grooves 33 and 34 which are formed at an axial 
distance from each other and in which sealing rings 35 and 36 for sealing the stepped 
piston 18 with respect to the inner wall of the largest step 16 of the stepped hole 1 1 are 
arranged. Between the two annular grooves 33 and 34 provided with the sealing rings 
35 and 36, a further radially encircling annular groove 37 is formed on the cylindrical 
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circumferential surface of the largest step 17 of the stepped piston 18. In the closed 
position of the stepped piston 18. the annular groove 37 overlaps radially with a radial 
connection 38 which Is fonned in the largest step 17 of the stepped piston 18 and 
connects the annular groove 37 to the cylinder space 29. 

[0045] In the position of the largest opening stroke of the stepped piston 18, the 
largest step 16 of the stepped hole 11 comes into connection with the radial connection 
38, so that the pressurized hydraulic oil can flow out of the working space 4 through the 
steps 10, 13 and 16 of the stepped hole 11 and through the radial connection 38 into 
the cylinder space 29. Since the sealing lip 31 of the valve element 8 is pressure- 
loaded by the working space 4, it prevents hydraulic oil in the cylinder space 29 from 
flowing towards the working space 4. However, there is no such pressure-loading of the 
sealing lip 31 of the valve element 7. Accordingly, hydraulic oil flowing from the working 
space 4 into the cylinder space 29 flows over the sealing lip of the valve element 7 and 
passes into the working space 3. The entire piston 2 can therefore be displaced into the 
working space 4. 

[0046] Since the volume of oil displaced from the working space 4 by the 
displacement of the piston 2 is larger than the volume obtained in the working space 3 
which accommodates the piston rod 5, the excess volume of oil is displaced via an inlet 
opening 39 from the cylinder space 29 into a volume control chamber 40 of the volume 
control element 6. 

[0047] At the end of the piston rod 5 being subjected to a force and therefore at 
the end of the movement of the piston 2, the oil in the working space 4 becomes 
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unpressurized, with the result that the helical compression spring 27 displaces the 
stepped piston 18 into its closed position again, thereby closing the nonreturn valve 26. 
[0048] In the largest step 16 of the stepped hole 11, a damping chamber 41 is 
fomied on the side of the largest step 17 of the stepped piston 18 which faces away 
from the working space 4. The damping chamber is connected to the cylinder space 29 
by a damping opening, as a result of which an opening movement of the stepped piston 
18 is damped. 

[0049] To avoid damping the closing movement, the piston 18 may be designed 
so that the flow of oil in the direction from the cylinder space 29 to the damping chamber 
passes below the sealing ring 36. This configuration allows the damping chamber 41 to 
be rapidly filled with oil. However, the sealing ring 26 provides a seal in the reverse 
direction, so that, during an opening movement, only the damping opening 42 is 
available as a connection of the damping chamber 41 to the cylinder space 29. 
[0050] In the last part of the closing stroke, if the connection from the radial 
connection 38 to the largest step 16 of the stepped hole 11 is blocked before the fully 
closed position is reached, the rest of the oil in the largest step 16 can pass from the 
step 16 through the constricting opening 28 into the cylinder space 29 and from there, 
flowing over the sealing lip 31 , which is now relieved of pressure, into the working space 
4. 

[0051] A further embodiment of a stepped piston 1 8' shown in Fig. 4 con-esponds 
in its construction and its function to the stepped piston 18 in Figs. 1-3. However, the 
stepped piston 18' comprises one component made of an elastomer and is fonned 
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integrally with sealing lips 43 and 44, which fomi the sealing rings 35 and 36, with a 
sealing lip 45, which forms the sealing ring 25. and with the closing element 20 which 
has the closing surface 21 . 

[0052] Figs. 5 and 6 illustrate connections of the valve element 8 to the volume 
control element 6. In this case, the valve element 8 has a coaxial, annular end 46 and 
the volume control element 6 has a coaxial, annular end 47. Both annular ends 46 and 
47 have the same outside diameter. The annular end 46 has, on its inner 
circumference, an annular step 48 which enlarges the diameter, and the annular end 47 
has, on its outside diameter, a corresponding annular step 49 which reduces the 
diameter The annular steps 48 and 49 are pushed telescopically into each other and 
are connected to each other. 

[0053] In the embodiment of Fig. 5, the connection is a material-bonding 
connection, such as, for example, laser welding. In the embodiment of Fig. 6, a radial 
latching opening 50 is formed in the region of the annular step 48, into which a 
corresponding radially outwardly protruding latching lug 51 on the annular step 49 can 
be latched when the annular steps 48 and 49 are pushed telescopically into each other. 
[0054] The basic construction of the embodiment of Fig. 7 corresponds to the 
embodiment illustrated in Fig. 2. In Fig. 7, a stepped piston 18" is designed analogously 
to the stepped piston 18' illustrated in Fig. 4 as a component made of an elastomer. 
[0055] In the embodiment of Fig. 7, the stepped piston 18" has a cylindrical 
extension 52 which is directed from the closing element 20 toward the working space 3 
and protrudes through the smallest step 10 of the stepped hole 1 1 . The annular gap 53 
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formed between the encircling circumferential surface of the extension 52 and the inner 
wall of the smallest step 10 of the stepped hole 1 1 acts as a constricting passage. 
[0056] That end of the extension 52 which is opposite the free end of the stepped 
piston 18" is adjoined in a conically widening manner by a closing surface 21 which then 
merges into a further cylindrical extension 54 of the stepped piston 18". The further 
extension 54 is guided through a coaxial, annular collar 55 which protrudes freely into 
the second step 13 of the stepped hole 11 in the opening direction of the nonretum 
valve 26. The annular gap 56 between the encircling circumferential surface of the 
extension 54 and the inner wall of the annular collar 55 forms a further constricting 
passage. 

[0057] Since the length of the smallest step 10 of the stepped hole 1 1 is smaller 
than the length of the extension 52, the constricting length remains constant during a 
first part of an opening stroke of the stepped piston 18", Only over the further course of 
the opening stroke is the overlap of the smallest step 10 and extension 52. The length 
of the constricting passage is also reduced. 

[0058] At the same time, the length of the annular gap 56 between the extension 
54 and the collar 55 is also reduced as the stepped piston 18" travels along its opening 
stroke. Con-espondingly, the length of the constricting passage is also reduced. 
[0059] Since, however, the length of the extension 54 is greater than the length of 
the extension 52, a complete opening of the passage from the working space 4 to the 
second step of the stepped hole 1 1 is achieved only when the extension 54 is situated 
outside the collar 55. 



20 



By Express Mail # EV353806026US 

[0060] An axial control groove 57 is fomried in the wall of the second step 1 3 of 
the stepped hole 1 1 and can be used to already produce a limited connection to the 
largest step 16 of the stepped hole before the second step 13 is opened. 
[0061] Thus, while there have shown and described and pointed out fundamental 
novel features of the invention as applied to a preferred embodiment thereof, it will be 
understood that various omissions and substitutions and changes in the form and 
details of the devices illustrated, and in their operation, may be made by those skilled in 
the art without departing from the spirit of the invention. For example, it is expressly 
intended that all combinations of those elements which perform substantially the same 
function in substantially the same way to achieve the same results are within the scope 
of the invention. Moreover, it should be recognized that structures and/or elements 
shown and/or described in connection with any disclosed form or embodiment of the 
invention may be incorporated in any other disclosed or described or suggested form or 
embodiment as a general matter of design choice. It is the intention, therefore, to be 
limited only as indicated by the scope of the claims appended hereto. 
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